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Summary ’///’7

.. This memorandum is a compilation of results. obtained to date
- from a number of reactor-physics calculations for the molten salt

. reactor experiment (MSRE). Included are one-dimensional multigroup-
and two-dimensional two=-group calculations of critical mass, flux
and power density distributions; gamma heating in the core can, reactor

- vessel and core support grid; drain tank criticality; and an estimate
o : ‘of the beta, gamme and delayed neutron dose rates due to fission
- L. ~ products in the fuel contained in the pump bowl. :

FROM: C.s W Nestor; Jr.

For a cylindrical core 54 inches in diameter and 66 inches
high, graphite-moderated with 8 volume percent fuel salt, the
celculated critical uranium loading is 0.76 mole percent uranium
(93.3% U-235), which is equivalent .to a critical mass of 16 kilograms.
At a reactor power of 10 megawatts, the peak power density in the
| core assuming a homogeneous mixture of fuel salt and graphite is
10 watts/cm3, the average power density is 4 watts/cmS. The computed
peak thermal flux is T.3 x 103 n/em® sec and the average is 2.5 x 1013
n/cm® sec, Gamme heating produces a power density of 0.2 watts/cm
- in the core wall at the midplane and 0.l watts/cm in the support
grid at the bottom of the core at the reactor center line.

NOTICE

This document contains information of a preliminary nature
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National -Laboratory. It is subject to revision or correction
and therefore does not represent a final report. The information -
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dissemination without the approval of the ORNL patent branch,
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This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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provides access to, any information pursuant to his employment or contract with the Commission,

or his employment with such contractor.
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Core Calculations

»

The model of the reactor comnsidered iéiéhbwn in Fig. 1. The fuel salt
is avhixture of 64 mole percent LiF (0.03% Lié), 31 mole percent BeF2; 4 mole
percent ThF), and about 1 mole percent UF) (93.3% U235). The core consists
of 2-inch square graphite blocks with 0.1 inch x 1.5 inch fuel channels be-

tween adjacent blocks (Figure 2); in the calculations the core was assumed

to be a right circular cylinder Sk inches in diameter and 66 inches high

. containing a homogeneous mixture of 8 volume percent fuel salt and 92 volume

percent graphite. The regions designated "Grid 1" and "Grid 2" in Figure 1
are homogeneous mixtures of fuel'salt,,gréphite and INOR-8; these regions
are representations of the support grid and the associated fuel salt and
graphite. The core can and reactor vessel are INOR-B’and'there is a l-inch
annulus filled with fuel salt between the can and the vessel. The region
designated "Header'" represents the fuel salt in the bottom of the vessel.
Results of one-dimens;ona; muitigroup calculationsl along the center line and |
midplane were used to generate two-group constents for the two-group, two-
dimensional éalculatidns;2 power density distributions calculated Wifh the
two-group method are shown inAFigures 3 and 4 for a reactor power of 10 mege-
watts., Resuits for the 54 x 66, 8-volume-percent-fuel salt reactor are tabu-
lated in Table 1; results for a number of reactors 6f different diameters are

shown in Figure 5, and neutron balances are listed in Table 2.



Table 1. Results of Nuclear Calculations for MSRE

Core size: 54 inches diameter, 66 inches height right circular cylinder

Powerf 10 megawatts

Peak core power density: 10.2 vatts/cm

Mean core power density: U4.Ok watts/cm3

Fuel salt volﬁme fractibn‘S%

Critical mass in core: 15.7 kg. -

Critical fuel concentration: 0.76 mole percent U (93.3% U235)
Peak thermal flux: 7.3 x 1072 n/em’ sec

Mesn thermal flux: 2.5 x 1005 ri/cm2 sec

Table 2. Neutron Balances for Reactors Having Various Diameters

(basis: 100 neutrons absorbed in U235)

Absorptionss 33' D x:B%'H 4' D x 5%'3 43'D x 55'H
Be 0,02 - d.ou. 0.06
c 0,67 - .- 1.73 2.68
F 0.34 , o.u6 0.56
110 0.91 _ 2.33 3.61
il o1 0.27 0.k42
Th 12.97 17.90 21.25
y238 - 1.86 1.05 0.78

Leakage:
Fast | 66.03 60.52 53.45
Thermal 4,5k 11.65 15.94
n | 1;87& 1.960 1.988

and Heights

5'D x 55'H
0.08
3.53
0.64
b4
0.55

24.01

0.65

47 OJ""O
18.43

2.000



Table 2 - cont'd

(basis: 100 neutrons absorbed in U235)

Absorptions: 34'D x 10'H 4*D x 10'H 43D x 10'H 5!D x 10'H
Be | 0.03 0.06 0.09 0.11
c 1.22 . 2.6 3.82 h.T2
F 0.40 0.5k 0.68 0.77
11° 1.65 3.31 5.1k 6.33
L17 ‘ 0.19 | . 0.39 0.60 0.Th
Th . 15.83 20,5k 24,90 275k
U238- 1.31 0.83 0.61 0.53

Leakage:
Fast 64 .00 - 54,9k - 45,57 40,11
Thermal 8.61 ~ 15.08 19.13 | 20.54
0 1.933 | 1,961 12,005 2,01k
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Drain Tenk Criticality

"The MSRE draip tank is ‘a cylinder 5 feet in diameter and 5 feet high;
when filled with fuel salt and surrounded bj a h;ft layer of water the tank
has an effective multiplication constant (célculated with the multigroup
704 program GNU) of 0.77; without the layer of water, the effective multi-
plication constaﬁt is 0.4&7 Thus, even when reflected with an essentially

infinite layer of water the tank is comsiderably subcritical.

Gamme Heating.

Gamma. heating calculations were done with the IBM 7Ok program Nightmares'

usiﬁg two-grdup two-dimensional neutron flux distributions calculated by the
IBM-TO4 program Equj.poi_se.2 The results are tabulated in Table 3 for INOR-8

in the core can, pressure vessel and core support grid.

" Table 3. Gamms Heating in the MSRE

 Heat generation, . Heat generation,

Location B watts/gram ‘ watts/cmS (p = 8.9 gm/em3)
Core can | 0.024 | 0.21 |
\
Pressure vessel (inside) 0,022 0.20
, midplane
" " (outside) 0.015 0.13
" " (center line) 0.042 ' 0.38
Support grid (upper) - 0.2 - 2.24

" " (Lower) 0,197 1,75
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Fission Product Activities in the Pump

, Fission product activities of two general classes contribute to the radiation
dose to pump lubrication. The first of these is the gaseous products and their
descendants which collect in the gas volume; the second is the fission products
(B, 7 and éelayed neutron emitters) which remain in the fuel liquid contained
in the pump.

The computational model.and a liét.of fission products for calculating the
gas-borne activities was taken,from the report concerning the ART by Stevenson.%
The results for three different sweep rates and three different purge rates are
shown in Figure 6, in terms of'power released in the gas space, assuming that
-either the descendants are gaseous or that they are all plated out on the walls.
Calculations for other combinations of sweep and purge rates and larger fission
product chains may be done with an IBM-TO4 program prepared for this purpose;
up to 100 fissionAproducts may be included.

The gamma source in the fuel salt contained in the pump may be estimated
as follows. On the average, 7 decay gammas with a total energy of 5.5 Mev are
emitted per fission. At equilibrium, the rate of decay must equal the rate of

production; the number of gaemmas released per second must then be

gammas fissions
fission second

and the fraction of the total gamma activity which decays in the pump is’

volume of fuel in pump
volume of fuel in system

For a total power of 10 megawatts, the total decay gamma activity in the pump

is given by
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photons 3 ft3

I = 10! watts x 3.38 x 1010 fissions : y
fission 53 £t

Y watt sec

7

= 1.6 x 10 bhotons
_ sec

and the volume source strength SV is

5, = 1.6 x 10-2 29%3955 .
‘ ’ ' .em” sec

Treating the phoﬁons as 1 Mev gammas and assuﬁing the fuel pool in the pump
is a disk 3 ft in diameter and 6 in. deep, the unshielded dose rate at 3 ft
above the bottom of the pool is 1.T i lO7 Rad/hr, using the truncated cone
approximation in‘TNX-'T.5

The effective delayed neutroﬁ fraction Ei for each group of delayed

neutrons is

where tc is the.core residence time, tL the circulation time, Ki the decay
constant and Bi the yield of the ith delayed neutron group. At equilibrium
the delayed neutron production rate mst equal the production rate of delayed
neutron érecursors; we have for the reactivity per unit volume of the ith

. group of precursors (and thus for the source strength of the ith group of

delayed neutrons)

N Cyp= VB I )

where Z% § is the fission rate per unit volume and v the number of neutrons

per fission.
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Taking_the total fuel volume as 53 ft3, the core fuel volume as 10 ft3,

system flow rate as 1250 gal/min and the delayed neutron data of Keepin

et al6 yields a source strength of

Sv (delayed neutrons) = 1.52 x 109 neutrons/cm3 sec.

Assuming that the source is concentrated in a point 3 feet from an unshielded

receptor the delayed neutron dose rate is ~10” rem/hr, less than 1% of the .

ganma dose rate from the decay gaumas.

gcb
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